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Abstract
Aims  Current ultrasound (US) Doppler techniques cannot demonstrate the vascularization of the dermis. The purpose of this 
study was to investigate whether the new Superb Vascular Imaging (SMI) and Microvascular Flow (MV-Flow) techniques 
improve the detection of normal dermis vessels. SMI and MV-Flow were compared side-by-side to conventional power-
Doppler (PD) imaging.
Methods  By using US, 50 healthy volunteers were evaluated at level of five body areas: forehead, forearm, palm, buttock, 
and thigh. Two off-site operators evaluated the images to assess the difference between SMI and PD imaging and between 
MV-Flow and PD imaging in terms of dermis flow amount. A 0–3 scoring system was adopted.
Results  SMI scored grade 0 in 0% of body areas, grade 1 in 58%, grade 2 in 33%, and grade 3 in 9%. In comparison with 
SMI, PD scored grade 0 in 38% of body areas, grade 1 in 56%, grade 2 in 6%, and grade 3 in 0%. MV-Flow scored grade 0 
in 0% of body areas, grade 1 in 52%, grade 2 in 43%, and grade 3 in 6%. Comparted to MV-Flow, PD scored grade 0 in 53% 
of body areas, grade 1 in 34%, grade 2 in 13%, and grade 3 in 0%. The difference in terms of sensitivity was statistically 
significant for all the body areas investigated.
Conclusions  We found both SMI and MV-Flow to be superior to PD imaging and capable to demonstrate normal vasculari-
zation of the dermis.
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Introduction

The dermis has a mesodermal origin and is dominated by 
packages of organized collagen, providing the supporting 
structure to the skin [1]. It includes blood vessels, lymphat-
ics, nerves, hair follicles, and sweat glands [2, 3]. The strong 
vascular network serves a number of vital functions such as 
nutritional support for tissues and homeostasis [2, 4, 5]. The 
dermis includes the thinner, superficial layer of the papillary 
dermis and the thicker and more profound layer of the reticu-
lar dermis [2, 6]. A deeper plexus, made by relatively larger 
vessels, mostly veins, is located at the interface of the der-
mis and subcutis, fed by branches of the large subcutaneous 
arteries [5]. Vessels’ caliber in the reticular dermis ranges 
from 50 to 150 μm [7]. The border between papillary and 
reticular dermis hosts a superficial plexus that supplies the 
dermal papillae through a candelabra-like capillary system 
[6, 8]. This superficial plexus is located 1 to 1.5 mm below 
the skin surface and consists of vessels less than 50 μm in 
caliber. The two dermal plexuses are connected each other 
by direct, vertical, arborizing channels [7].
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Dermis vessels are usually not detectable in normal sub-
jects using conventional color-Doppler and power-Doppler 
(PD) imaging [5, 6, 9, 10]. This is due to the small size of 
the vessels and to their slow velocity, commonly equal to 
or less than 2 cm/s. recently, several ultrasound (US) com-
panies have developed advanced technologies for the US 
imaging of the microvasculature. In our study, we prospec-
tively evaluated if these new techniques could allow detect-
ing more flow signals in comparison with PD. Consequently, 
we prospectively compared PD with Superb Microvascular 
Imaging (SMI, Canon Medical Systems, Tokyo, Japan) or 
with Microvascular Flow (MV-Flow, Samsung Medison Co 
Ltd, Seoul, South Korea) in the assessment of dermal vessels 
in healthy subjects.

Materials and methods

The study was developed as a single-center, prospective 
experience on healthy adult volunteers. The study protocol 
was approved by our institutional review board and was con-
ducted according to Good Clinical Practice and the Declara-
tion of Helsinki. All participants provided a written informed 
consent. Inclusion criteria were age above 18 years old and 
absence of any skin abnormality at both physical inspection 
and US exploration. Fifty Caucasian subjects were enrolled 
between September 2020 and December 2021. There were 
29 males and 21 females, aged 20–78 years (mean, 46 years 
old).

Thirty studies were obtained on an Aplio i800 system 
(Canon Medical Systems Corporation), equipped with a 
22-MHz linear probe. Twenty other studies were carried out 
using an RS85 system Prestige (Samsung Medison Co Ltd, 
Seoul, South Korea), using a 22-MHz linear probe.

Two operators acquired each one the images of 25 sub-
jects. Scans were taken at level of five body areas: forehead, 
dorsal aspect of the forearm, hand palm, buttock, and ante-
rior aspect of the thigh. These anatomical sites have different 
dermal skin and echogenicity, representing a combination 
of sun-exposed and non-sun exposed areas and including a 
glabrous skin site (hand palm). A large amount of gel was 
employed, without ever using any stand-off pad. Care was 
taken to avoid motion of the operator’s hand or the trans-
ducer, which was placed gently above the gel layer. The 
beam focus was located at the dermis-hypodermis edge. The 
color gain was never changed between the two techniques. 
In each body area, a SMI or the MV-Flow scan was first 
obtained. Once that a clear SMI or MV-Flow scan show-
ing dermis vessels was taken, the image was freeze on the 
split-screen and then a PD scan was quickly obtained. The 
operator froze the PD acquisition and went back to the frame 
showing the largest amount of flow signal, storing it in the 
scanner archive (Figs. 1, 2).

Two off-site reviewers evaluated the split-screen images 
of each anatomic site of all subjects, comparing SMI with 
PD and MV-Flow with PD. A subjective, semi-quantitative 
side-by-side comparison was made by consensus, grading 
the flow signals as absent (grade 0), scarce (grade 1), moder-
ate (grade 2), and strong (grade 3) [11]. Care was taken to 
exclude from this retrospective assessment the subcutaneous 
vessels as well as the color artifacts. In case of disagreement 
between the two reviewers, a third operator was involved. 
The McNemar test was employed to compare the sensitivity 
the different techniques in the detection of flow signals for 
each anatomical site. A p-value less than 0.05 was regarded 
as statistically significant.

Results

SMI scored grade 0 in 0 out of 150 total body areas of 30 
subjects, grade 1 in 87 out of 150 body areas, grade 2 in 
49 of 150 body areas, and grade 3 in 14 of 150 body areas. 
In comparison, PD scored grade 0 in 57 out of 150 total 
body areas, grade 1 in 84 out of 150 body areas, grade 2 
in 9 of 150 body areas, and grade 3 in 0 of 150 body areas. 
MV-Flow scored grade 0 in 0 out of 100 total body areas 
of 20 subjects, grade 1 in 52 out of 100 body areas, grade 
2 in 43 of 100 body areas, and grade 3 in 6 of 100 areas. In 
comparison, PD scored grade 0 in 53 out of 100 total body 
areas, grade 1 in 34 out of 100 body areas, grade 2 in 13 of 
100 body areas, and grade 3 in 0 of 100 body areas (Table 1). 
The difference in terms of sensitivity was statistically signifi-
cant for all the body areas investigated. In none of the cases 
PD scored better than SMI or than MV-Flow.

Discussion

SMI technology applies a clutter suppression algorithm, 
separating flow signals from the motion artifacts arising 
from nearby structures [12]. This allows preserving the 
low-flow components, which are removed by conventional 
wall filters in color- and PD imaging, while displaying flow 
signals with a high spatial resolution and high frame rates. 
SMI uses higher frame rates than PD, more than 50 Hz, and 
lower pulse repetition frequencies ranging between 220 and 
234 Hz [12]. Although, by now less investigated than SMI, 
also MV-Flow has the potential display minute vessels with 
slow blood flow velocities. MV-Flow is characterized by 
high tissue suppression to reduce tissue noise signals, sup-
pression of flash artifacts (due to its advanced filter), com-
pound images, and high sensitivity.

In the evaluation of thyroid or breast nodules with US the 
difficulty resides in the small caliber of the vessels and in 
the slow flow of the blood inside them. In the assessment of 
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the skin vascular network there are two additional obstacles. 
The first one is represented by the probe pressure, even if 
the operator handles it as gently as possible. The second dif-
ficulty is the closeness of the vessels to the footprint of the 
transducer. The uppermost portion of the US field-of-view 
is compressed, for a length that depends on the transducer 
quality and on the emission frequency [13–15]. All these 
aspects explain the difficulty in studying the normal vascu-
larization of the skin with US.

A number of strategies have been proposed to improve 
the ultrasound display of superficial, slow flows at color- and 
PD imaging. These options include optimization of scan-
ning setting sensitivity (small color box, high transmission 
frequency, low pulse repetition frequency, low or null wall 
filter, high color gain) [9, 16], interposition of a gel stand-
off pad [13], use ultra-high frequencies [17], injection of 
contrast medium microbubbles [18]. Due to the intrinsic 
limitations of Doppler techniques, however, none of these 
options allows an adequate representation of the normal der-
mis vessels.

SMI and MV-Flow allow preserving the low-flow com-
ponents, which are removed by conventional wall filters in 

color- and PD imaging, while displaying flow signals with 
a higher spatial resolution and higher frame rates [19–21]. 
In our study PD imaging was unable to detect dermis 
flows, showing no or low vascular signals. SMI and MV-
Flow allowed to collect significantly more flows compared 
side-by-side to PD. SMI and MV-Flow has been tested in a 
number of superficial and abdominal anatomical sites [11, 
19–26]. Govind and coworkers found that SMI is more sen-
sitive than color-Doppler imaging in demonstrating micro-
venous reflux in limbs with venous disease and SMI [27]. 
İslamoğlu and Uysal employed SMI to assess plaques of cic-
atricial alopecia [28]. Ávila de Almeida et al. [29] reported a 
case of glomus tumor evaluated with SMI. Dermatology is 
a growing field of application of US [9, 10, 16]. Our study 
proved that SMI and MV-Flow are by far more sensitive than 
PD in detecting normal dermal flows. In reality, the differ-
ence is probably even higher than what found in our study. 
In SMI and MV-Flow the color signal is visible only in the 
vessels while in PD color typically bleeds out of the lumen. 
This blooming artifact partially compensated on the images 
at the intrinsic poor sensitivity of PD. Despite this, SMI and 
MV-Flow were significantly more sensitive than PD.

Fig. 1   49-year-old asymptomatic male. Dermis vascularization in the thigh at SMI (left part of the image) and at PD (right part of the image). 
SMI detects significantly more flows than PD
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In most of our cases PD showed subcutaneous ves-
sels approaching the dermis-hypodermis border and then 
appearing as “cut”, without any continuation in the der-
mis itself. SMI and MV-Flow, instead, allowed to seen 
the vessels entering the dermis and branching inside it. 
At least in the deeper portion of the dermis layer, SMI 
and MV-Flow could detect a number of vessel while, even 
using these two technologies, it was hard to demonstrate 

the vascularization of the more superficial portion of the 
dermis.

The availability of techniques capable to sensitively dem-
onstrate normal and abnormal dermis flows may be quite 
useful in clinical practice, being employed in initial diagno-
sis, activity status assessment, response to treatment evalua-
tion, and prognostic formulation of a number of dermatology 
scenarios. These include morphea, psoriasis, vasculitides, 

Fig. 2   49-year-old asymptomatic male. Dermis vascularization in the thigh at MV-Flow (left part of the image) and at PD (right part of the 
image). MV-Flow detects significantly more flows than PD

Table 1   Color scoring at SMI and PD in 30 subjects and at MV-Flow and PD in 20 subjects at level of 5 different anatomic areas

Scoring Body Areas

Forehead Forearm Palm Buttock Thigh

SMI PD SMI PD SMI PD SMI PD SMI PD

Grade 0 0/30 7/30 0/30 11/30 0/30 10/30 0/30 14/30 0/30 15/30
Grade 1 20/30 22/30 19/30 17/30 17/30 18/30 15/30 13/30 16/30 14/30
Grade 2 8/30 1/30 8/30 2/30 10/30 2/30 11/30 3/30 12/30 1/30
Grade 3 2/30 0/30 3/30 0/30 3/30 0/30 4/30 0/30 2/30 0/30

Scoring Forehead Forearm Palm Buttock Thigh

MV-Flow PD MV-Flow PD MV-Flow PD MV-Flow PD MV-Flow PD

Grade 0 0/20 13/20 0/20 10/20 0/20 10/20 0/20 11/20 0/20 9/20
Grade 1 10/20 7/20 11/20 6/20 9/20 7/20 8/20 6/20 13/20 8/20
Grade 2 9/20 0/20 9/20 4/20 8/20 3/20 11/20 3/20 6/20 3/20
Grade 3 1/20 0/20 0/20 0/20 3/20 0/20 1/20 0/20 1/20 0/20
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suppurative hidradenitis, burns, keloid scars, and surgical 
flaps [7, 30, 31].

Our study has a number of limitations. Firstly, it was 
conducted in a single center, and the number of cases was 
relatively small. Secondly, the choice of the anatomical sites 
to be sampled was somehow arbitrary. However, since the 
difference between SMI and PD imaging performance was 
so marked, it is our opinion that similar results would have 
been obtained also if scanning other anatomical locations. 
Thirdly, although care was taken to obtain adequately match-
ing scans between SMI and PD and between MV-Flow and 
PD, these scans could not be perfectly identical each other. 
The presence of color artifacts, particularly when using SMI 
could have theoretically interfered on the images analysis. 
However, as stated above, care was always taken to exclude 
artifacts from this retrospective assessment of the scans. It 
is of note that these artifacts were always seen at the top of 
the field of view, near the epidermis entrance of the echoes, 
so they were always easy to be excluded from our analy-
sis. Finally, we did not make any attempt to differentiate 
dermis vessels into arteries and veins. This aspect was not 
relevant for the study purpose and, additionally, the vessels 
we investigated were too small to obtain an adequate spectral 
sampling. Another limitation of the present study was the 
use of a semi-quantitative score. This scoring system can be 
employed to assess the amount of flow signals. With color-
Doppler, PD, and the new microvascular technologies such 
as SMI and MV-Flow [11]. However, these scores posing the 
problem of inter-reader reproducibility. Automatic quantifi-
cation of the number of colored pixels within the box, using 
options such as Canon’s Vascular Index, may allow instead 
an objective quantification of the vascular flows, all will be 
probably preferred in the future [32].

Conclusion

New microvascular imaging techniques such as SMI and 
MV-Flow allow reliable display of normal dermis flows 
while conventional PD imaging basically cannot. Even if set 
to detect slow flows, conventional Doppler techniques show 
absent or minimal flow signals within the normal dermis. 
Instead newer vascular tool are capable to detect significant 
more flows in a side by side comparison with PD. This opens 
new perspectives in the assessment of dermal abnormalities.
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